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Budget 
The NCTS activities conducted during the first half of FY03 included work by General 
Atomics/Schafer, LANL, and LLNL. Progress has been hampered by the on-going 
appropriations process, due to the significant uncertainty surrounding the final FY03 funding 
available for the total NIF Director activities. The actual expenditures for the first two quarters of 
FY03 are $17K at LLNL, and $239K at General Atomics/Schafer. The report covering the 
second half of the year will include the total for the fiscal year. 

First Half Activities 
NCTS work breakdown structure element N.CR.4 “Beryllium Fill Systems,” (Appendix C of the 
draft NCTS Program Execution Plan) is concerned with methods to fill indirect drive ignition 
targets with beryllium fuel capsules. Work that began in FY2002 to develop and examine 
concepts for beryllium capsule filling has continued into FY2003. This work was performed by 
General Atomics with input from Los Alamos National Laboratory (LANL) and LLNL. 

Two principal approaches are being pursued to fill spherical beryllium-alloy capsules. In the 
first approach, a small hole is laser-drilled through the capsule wall, the capsule is filled with D- 
T through the hole, and the hole is laser-sealed, trapping the DT. In the second approach, a stack 
of mated pairs of Beryllium cylinders, each with a hemispherical cavity, is filled with high- 
pressure D-T gas in a pressure vessel. The cylinder pairs are pressed together and heated to a 
high temperature. This diffusion-bonds each cylinder pair together, forming a spherical cavity 
filled with high-pressure D-T gas. After removal from the vessel, the outer surface of the bonded 
cylinder pair is machined into the desired spherical shape. 

Drilled and Sealed Beryllium Capsules 
GA proposed an improved method for filling a capsule by cryo-condensation of DT gas at low 
pressure in a small filling chamber, then laser sealing the fill hole at the top of the capsule 
through a window in the chamber. The scheme is depicted in Figure 2. 
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Figure 2. Low-pressure cryo-condensation method for filling beryllium capsules. 

A “funnel” and the capsule, sealed with vacuum grease, separates the chamber into two spaces 
(A & B). This minimizes the volume of D-T and prevents D-T from condensing on the cryo- 
cooler. A commercial cryo-cooler and a small local heater impose a thermal gradient between 
the top and the bottom of the capsule to condense the gas at the bottom of the capsule and keep 
the fill hole clear of condensate. Using a fill pressure between 200 and 300 torr allows rapid 
filling. The amount of D-T condensing in the capsule is determined from pressure measurements 
of the “Vacuum A” space. The D-T fill can be determined with 1% accuracy by limiting the 
volume of D-T gas with unknown density at the tip of the “funnel” to -< 5.2 mm3, maintaining 
the ambient temperature stable to 21 K and using a commercially available, high-accuracy 
pressure gauge. 

A steady-state thermal analysis showed that the desired temperature distribution can be achieved 
in the beryllium capsule. The cryo-cooler keeps the bottom of the capsule at 16 K. By applying 
a small heating power (-76 mW) on the area surrounding the fill hole at the top of the capsule, 
the temperature of the hole can be maintained above -34 K, keeping it clear of liquid D-T. The 
bottom half of the capsule stays below -23 K, ensuring condensation. 

GA proposed to use a commercially available, continuous-wave (CW) or short-pulse YAG laser 
to seal the fill hole of the beryllium capsule after filling. A transient thermal analysis showed 
that a 0.2-ms pulse at 5.7 Watts seals the hole without significantly heating and vaporizing the 
DT condensed at the bottom of the capsule. The resulting plug of fused beryllium is long enough 
to resist an internal DT pressure of 400 atm at room temperature. This is illustrated in Figure 3. 
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Initial YAG laser experiments by LLNL on 125-pm-thick beryllium foil have achieved localized 
melting, in accordance with GA’s analytical predictions. 
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Figure 3. Results of thermal modeling of a sealing laser pulse. 

Bonded Beryllium Capsules 
GA performed a preliminary design of the filling and bonding cell, shown in Figure 4 below. It 
is based on a commercially available pressure vessel. The vessel cavity is lined with solid quartz 
insulation. An elect&al heater, composed of a heating coil, a quartz tube, and radiation shields, 
is inserted into the ip’sulated space. The beryllium cylinder pairs to be filled and bonded, kept 
slightly apart by curved disc springs, are stacked in an open cylindrical holder that is placed 
inside the heater, and the top quartz insulation is added (see Figure 5). The vessel closure, with a 
dead weight hung from an extension of the valve stem at the top, is put in place and sealed. The 
vessel is evacuated and back-filled with pressurized DT gas. The heater supplies 340 W to 
quickly heat the beryllium cylinder to the bonding temperature. Heat power is then reduced to 
190 W to maintain this temperature. When the temperature and DT pressure have stabilized, the 
dead weight is lowered and brought to rest on top of the cylinder stack to apply the bonding 
pressure. After the required bonding time, the process is reversed, and the DT- filled and bonded 
cylinders can be removed for inspection and machining into spherical capsules. 

4 



NIF Cryogenic Target Systems Program FY03 First Half Report NIF-0108177 

n 

Self-sealing vessel AE0050AS2 
(-400 atm of DT gas at RT) 

Weight, hung from valve stem 
(-7, 22,52 N with AI, SS, W) 

Quartz insulation 

Radiation shield 

Thermocouple 

Heater leads 

(Water-cooled copper cooling jacket and glove box not shown) 

Figure 4. A high-pressure beryllium bonding apparatus. 
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Figure 5. Two views of a typical cylindrical pair (with slots and spring to allow evacuation and$lling before 
bonding). 

A time-dependent thermal analysis shows that beryllium is heated to the bonding temperature in 
about three minutes and is kept at steady state with the lower-heat power. The exterior of the 
bonding apparatus remains at room temperature. 
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